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A B S T R A C T

α-glucosidase inhibition is a rational approach in the effective management of type 2 diabetes. Several inhibitors
of this enzyme class are in clinical use, but are riddled with efficacy, potency and safety challenges. For this
reason, new effective α-glucosidase inhibitors are under investigation. Compounds with 1, 3, 4-oxadiazole nu-
cleus have shown preclinical efficacy as α-glucosidase inhibitors and as anti-inflammatory agents. Moreover, 1,
3, 4-oxadiazoles also play important role in pesticide chemistry, polymer science, and they are considered as the
building blocks in the production of new molecular agents for bioactive molecules. In the present study, com-
putational analyses were carried out for various 1,3,4-oxadiazole (which were divided into BF2 & BF3 series);
the most active compound was taken as a potent inhibitor, and pharmacophore were formed from that com-
pound, followed by validation against a test database. The pharmacophore-based virtual screening was per-
formed and, by successive eliminations, six compounds of different interactions with the significant amino acid
residues were selected as the lead compounds. It is concluded that these six compounds with 1, 3, 4-oxadiazoles
nucleus might be used as promising drug candidates in α-glucosidase inactivation and thus we recommend
further in vitro and in vivo pharmacological and safety studies.

1. Introduction

Diabetes is a metabolic disease characterized by hyperglycemia,
reduced glucose tolerance, and insulin-releasing abnormalities.
Diabetes mellitus or type 2 diabetes is one of the most common chronic
endocrine, inflammatory diseases, which occurs when the levels of in-
sulin produced by pancreas is inadequate, or when the body is incap-
able of utilizing insulin properly (Kato et al., 2012; Zakir et al., 2019).
Data projections reveal that as of 2015, about 415 million people are
suffering from diabetes all over the world (Abbas et al., 2017;
Association, 2010; Sultan et al., 2016a). Among the several types of
diabetes, type 2 diabetes is the most leading form, responsible for al-
most 90% of all cases worldwide (Sultan et al., 2016a, 2016b). The
pathogenesis of type 2 diabetes is complex and comprises an interaction
between genetic vulnerability and environmental factors, especially the
intake of such diets that results in obesity together with physical in-
activity (Khattak and Khan, 2018). Due to pollution and a sedentary,
lifestyles, type 2 diabetes is emerging as one of the most rapidly-de-
veloping, non-communicable disease (Kallemeijn et al., 2014; Zafar

et al., 2016). If not managed, it can lead to diabetic nephropathy and
neuropathy. Diabetes is a state of oxidative stress, and it affects cell
homeostasis, extracellular matrix composition, mitochondrial func-
tions. Pancreas is prone to ischemia due to hypoxia and acidosis, which
gradually loses insulin secretory function (Wang et al., 2016; Yin et al.,
2014). People suffering from type 2 diabetes need to inject themselves
with insulin and to follow a careful diet and exercise regimen (Sultan
et al., 2016b). The existing drugs, such as metformin, when used for
prolonged period, generate side effects, including abdominal dis-
comfort, anorexia, diarrhea, hepatic and renal impairment (Domekouo
et al., 2016; Nathan et al., 2006; Virally et al., 2007). α-glucosidase (EC
3.2.1.20), an enzyme hydrolyzing α-glucosidic linkage, is targeted to
manage type 2 diabetes. Inhibition of this enzyme delays digestion of
dietary carbohydrates, lowering postprandial blood glucose level. In
this regard, several research groups have been working on the discovery
of new effective α-glucosidase inhibitors, which can be used as ther-
apeutic agents for the suppression of metabolic disorders, such as hy-
perglycemia, obesity, and non-insulin-dependent type 2 diabetes mel-
litus (Kim, 2015; Zafar et al., 2016). Heterocyclic compounds
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containing the five-membered oxadiazole nucleus possess a diversity of
useful biological effects (Singh and Jangra, 2010).

In particular, compounds bearing the 1, 3, 4-oxadiazole nucleus are
known to have unique anti-edema and anti-inflammatory activities
(Amir and Kumar, 2007; Narayana et al., 2005; Omar et al., 1996). So,
1, 3, 4-oxadiazoles are playing significant role in medicinal chemistry,
pesticide chemistry, polymer science and they are considered to be the
building blocks in the production of new molecular systems for active
biological molecules (Reynisson et al., 2009). Most of the 1, 3, 4-ox-
adiazoles exhibited a significant biological activity, such as anti-
microbial (Jha et al., 2010; Manjunatha et al., 2010), anti-Human De-
ficiency Virus (HIV) (El-Emam et al., 2004), antitubercular (Küçükgüzel
et al., 2002), antimalarial (Chandrakantha et al., 2010), analgesic
(Akhter et al., 2009), anti-inflammatory (Padmavathi et al., 2010),
among others (Singh et al., 2011). The drugs like nitrofuran anti-
bacterial furamizole, HIV-integrase inhibitor raltagravir, and anti-
hypertensive agents tiodazosin and nesapidil are based on the 1,3,4-
oxadiazole (Somani and Shirodkar, 2011). The oxadiazole pharmaco-
phore have significant properties (ability to undergo electrophillic
substitution, nucleophilic substitution, thermal and photochemical)
that influences the ability of a drug to reach the target (bioavailability)
by transmembrane diffusion and shows potent antimicrobial activity
(Somani and Shirodkar, 2011; Testa et al., 2000). Inspired by the above
evidences (Deep et al., 2010; Kumar and Verma, 2009), its relevance in
diabetes mitigation was pursued. In the present study, the biological
activity of the synthesized oxadiazole compounds were found out.
Among the synthetic compounds, the most active compound is deemed
to be a potent inhibitor and pharmacophore was formed from that
compound and then validated by a test database. Then further phar-
macophore based virtual screening was conducted to find the novel,
potential and other structurally-diverse compounds, which might be
used to inhibit the α-glucosidase enzyme.

The pharmacophore models are important tools for the virtual
screening (Yang et al., 2012) and to rapidly search large databases for
drug candidates with better therapeutic action. The virtual screening
has been used effectively to predict novel inhibitor compounds in the
case of the α-glucosidase (Derksen et al., 2006; Lu et al., 2006; Scarsi
et al., 2007). In the current study, we used pharmacophore-based vir-
tual screening method by docking appropriate compounds (hits) against
α-glucosidase enzyme, to identify druggable candidates (Reynisson
et al., 2009). Virtual screening is the chemo-informatic methods, in-
volving the use of high performance computing to examine the large
database of the compounds to find out the possible leads (Shaikh et al.,
2008). The main objective of the present study is to generate homology
model of the α-glucosidase enzyme, to develop a valid pharmacophore
model, to develop novel and potent inhibitors for this diabetogenic
enzyme.

2. Materials and method

2.1. Ligand preparation

The structures of the synthesized compounds were generated by
using the Chembio-Office 2010–12. Then all these compounds were
saved in mol file for the purpose to open in molecular operating en-
vironment (MOE) Further, the compounds were energy minimized via
MOE, using default parameters.

2.2. Protein preparation

The modeled structure of the target protein was 3D protonated and
then energy minimization was performed by using the MOE software
with default parameters.

2.3. Molecular docking

Molecular docking was performed via MOE-dock with most of the
default tools with the aim to find the binding interaction of the ligand
with the target protein. The ligand was docked into the binding site of
predicted homology model of the α-glucosidase by means of MOE-Dock
module (v. 2010.11), and for each ligand 10 conformations were gen-
erated. The top ranked conformation of each ligand was used for de-
tailed study of binding mode.

2.4. Complex-based pharmacophore model generation and validation

Among the synthesized compounds, the docked conformer of the
most active compound interacting with the active residues of the
binding pocket of the target protein, was used to generate the complex-
based pharmacophore model. In MOE pharmacophore constructing tool
is employed and used for the construction and visualization of the 3D
pharmacophore for structural data of receptor-ligand complex. On the
basis of binding interactions, main chemical features were recognized,
which were observed in the protein-ligand complex for the generation
of pharmacophore model. A total of five important features including
two hydrogen bond acceptors (Acc), one Don&Acc, and two Hyd|Aro
were generated in the resulting pharmacophore model, by using the
default parameters of MOE. These five features (F1, F2, F3, F4, and F5),
were chosen as essential. The generated pharmacophore model was
validated by a test database of ten known inhibitors of α-glucosidase
(Kashtoh et al., 2014; Sattar et al., 2016; Shyma et al.). All compounds
of the test database were screened at the five-featured complex-based
pharmacophore, and their mapping modes were analyzed.

2.5. Pharmacophore-based database screening

The validated pharmacophore model is used as three-dimensional
query in the in silico screening of hits of numerous chemical natures.
Using the software MOE 2010–11, pharmacophore based virtual
screening was performed against the ChemBridge database (Wadood
et al., 2012). Such type of virtual screening has two main purposes;
first, the selective detection of compounds with known inhibitory ac-
tivity validates the quality of the generated pharmacophore model, and
second, finding novel potent drug-like candidates offers options for
further assessment (Kurogi and Guner, 2001). As a result of VS, 37
structurally diverse hits are retrieved from ChemBridge database
showing a good and better five features, fit to produce pharmacophore
model. Following the Lipinski's rule of five (Barret, 2018), each hit li-
gand properties were examined, to study the druggable properties of
the retrieved hits. By the observed criteria of the above rule, for further
progression 33 hits were selected.

2.6. Molecular docking

All the retrieved hits were docked into the binding pocket of α-
glucosidase to further refine the hit compounds. For molecular docking
study, several docking programs are available. In this study, we used
the docking protocol implemented in MOE 2010–11 as a docking pro-
gram (Kitchen et al., 2004). For further evaluation, on the basis of
docking score, the top poses were selected for further evaluation. The
resulting binding interactions between these hits and protein were
observed visually using LigPlot implemented in MOE.

2.7. Calculations of the binding affinity and binding energy

To find out the most potential ligands, the binding affinities of the
hits with α-glucosidase was predicted with generalized Born ⁄ volume
integral (GB/VI) contained solvent scheme executed in MOE (Labute,
2008). The non-bonded interaction energies are the generalized Born
interaction energy between the ligand and receptor molecule, which
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comprises Vander Waals, Coulomb electrostatic interactions and im-
plied solvent interaction energies. The receptor molecules and ligands
have strain energies which were not considered. The solvent molecules
were unobserved during the calculation. The receptor atoms in the vi-
cinity of the ligand are retained flexible during calculation, while the
receptor molecule atoms which are away from the ligand are retained
rigid but were focused to the tether restraints which weaken unrefined
movement. In the binding pocket, the atoms of the ligand are set free to
move. Before an estimation of the binding affinity, an energy mini-
mization of the binding pocket in α-glucosidase enzyme-ligand complex
was done. After energy minimization, for each hit, the binding affinity
is calculated and reported in the unit of the Kcal/Mol.

3. Results

3.1. Complex-based pharmacophore model generation and validation

One interesting application of complex-based pharmacophore
model is to define interaction points that results in the improvement of
binding affinity and increasing selectivity. MOE software was used in
generating a pharmacophore model from α-glucosidase-ligand com-
plex. For the building of the pharmacophore model, the essential che-
mical features were recognized and this was performed by keeping the
binding interactions in the protein-ligand complex through LigPlot, in
MOE. By using the default parameters of MOE, five important features
were generated in the given pharmacophore model, which contains two
hydrogen bond acceptors (Acc), one Don&Acc and two Hyd|Aro. F1 was
Don&Acc and represented by red color, F2 and F5 was Hyd|Aro and was
represented by purple color, F3 and F4 was Acc and represented by
cyan color shown in Fig. 1.

The Don&Acc feature F1 was developed on the hydroxyl moiety of
the inhibitor. F2 and F5 features were Hyd|Aro and developed on the
benzene and pyridine moiety, respectively, of the ligand. F3 and F4
features were Acc and developed on the oxygen double bonded with
carbon atom and nitrogen atom of the 1, 3, 4-oxadiazole moiety re-
spectively, all these features interact with the important amino acid
residues. The F1, F2, F3, F4 and F5 features were chosen as essential
features (Kashtoh et al., 2014; Niaz et al., 2015; Sattar et al., 2016;
Shyma et al.). The three-dimensional structure of the inhibitors in the
test database was generated by using builder tool in MOE and then
through energy minimization algorithm i.e. Gradient: 0.05, and Force
Field: MMFF94X. The test database compounds were then screened on
five features complex-based pharmacophore and the mapping modes of
these compounds were examined. All active compounds were screened
against the generated pharmacophore and mapping the five features of
generated pharmacophore model. The result of this test database re-
vealed that the generated pharmacophore model is accurate.

3.2. Pharmacophore-based database screening

The pharmacophore model was validated and used for screening
compounds from the ChemBridge database. Those compounds that
have similar features were screened, the whole process was performed
to identify the new structural poses that accomplish the recognized
criteria of the pharmacophore model. It is an easy approach for the
discovery of potent and novel compounds in research projects. Then
through virtual screening from the ChemBridge database, 37 structu-
rally-different hits were retrieved, showing that five essential features
were well-fitted for generating pharmacophore model. According to the
Lipinski's rule of five, the druggable properties of the retrieved hits
were checked Lipinski's rule of five states that a drug candidate must be
lesser than 500 Da in molecular weight, the hydrogen bond acceptors
lesser than ten, hydrogen bond donors lesser than five and the value of
log p should be less than five (Lipinski et al., 2012). Finally, by applying
the Lipinski's rule of five, we obtained the 33 hits, which can be used for
further evaluation by using the molecular docking technique.

3.3. Molecular docking

Molecular Docking was done for all the retrieved hit compounds
which were obtained primarily, with the binding site of the α-glucosi-
dase enzyme, for the purpose of finding more refine hit compounds and
this was carried out by the docking protocol MOE. All the initial hits are
docked into the binding pocket of the α-glucosidase enzyme and this
was carried out by using the similar docking protocol. By means of the
default parameters of MOE, for each ligand 10 conformations are al-
lowed to be saved. All the docked compounds have different con-
formations. So, the top ranked conformations were permitted to be
saved in a separate database. In top ranked conformations, according to
the docking scores, the best 16 poses out of the initially selected 33 hits,
were chosen for further assessment. With the help of LigPlot in MOE,
the interactions of the 16 hits with the α-glucosidase binding pocket
residues GLN66, MET69, TYR71 ASP106, ILE109, HIS111, ASN152,
ASN153, TRP154, LYS155, SER156, PHE157, PHE158, LEU174,
ARG175, GLN181, ARG212, ILE213, THR215, ILE230, LYS233,
LYS236, LEU237, GLN238, HIS239, TRP242, VAL274, GLU276,
PHE300, PHE311, ARG312, TYR313, ASN347, ASP349, GLN350,
ASP408, ASN412, LEU437, and ARG439 were observed. Ten out of 16
compounds showed important interactions with the target protein re-
sidues, so they were selected for further evaluations of binding affinity
and binding energy.

3.4. Binding energy and binding affinity calculations

The criteria for the selection of the potential compounds are those
possessing binding affinity and binding energy equivalent to the

Fig. 1. Three-dimensional pharmacophoric features generated from the complex structure of α-glucosidase and BF2-57.

H. Khan, et al. Food and Chemical Toxicology 130 (2019) 207–218

209



calculated value for reference ligand in the complex structure. So, the
binding affinities of all of the 10 compounds containing the ligand of
the complex structure were calculated with GB/VI through MOE, in
order to recognize the most favorable ligands. After performing energy
minimization for each hit, the binding affinity was measured in units of
the Kcal/Mol. Based on the measurements, only 6 compounds were
chosen among the 10 compounds shown in Table 1. The mapping of the
pharmacophore, binding energy, binding affinity, visual prediction and
binding mode have shown that 6 lead compounds may act as the
structurally-diverse, potent and novel inhibitors of the α-glucosidase
enzyme. The 2D structures of the 6 retrieved hit compounds are shown
in Fig. 2 (see Table 2).

3.5. Binding interactions of the hit compounds and target protein

In the present investigation, the potent and novel hit compounds
were obtained through virtual screening and the resultant hit com-
pounds formed interactions with the target protein α-glucosidase as
shown below.

4. Discussion

4.1. Pharmacophore-based virtual screening

Binding interactions of the finally selected retrieved hits from

Chembridge database.
As a result of pharmacophore-based virtual screening, finally 6

compounds were selected which possessed good docking scores as well
as good interactions with the active residues of the enzyme. Compound
1 have docking score −15.8941, strong binding affinity −11.2946
Kcal/Mol and lower binding energy −35.089. It's binding interactions
with the amino acid residues of binding pocket of the enzyme as shown
in Fig. 3. This compound formed five polar, two hydrophobic and one
arene-arene interaction with the residues of the enzyme. Gly 159 and
Asn 412 formed H-bonds with the nitrogen atoms of the triazole moiety.
Ser 235 and Ile 416 formed polar interactions with the carbonyl oxygen
atom and –OH moiety of the ligand, respectively. Phe 312 made arene-
arene linkage with the triazole ring of the compound. Asn 412 and Ile
415 formed hydrophobic interactions with the compound.

From the docking conformation of compound 2, it was observed to
have five polar and one arene-arene interactions as shown in Fig. 4. Arg
312 made H-bond with –OH moiety. His 279 and His 239 formed hy-
drophilic interactions with the oxygen atoms of the N-methyl methane
sulfonamide moiety. Glu 304 made H-bond with the –NH of the N-
methyl methane sulfonamide moiety of the ligand. Phe 157 and His 245
was observed having π-π and polar interactions with the 1-methyl-4,5-
dihydro-1H-imidazole moiety.

Compound 3 was observed having good interactions with the re-
sidues of the target protein as shown in Fig. 5. Gly 159 and Asn 412
made polar contact with –OH moiety of the compound. His 279 formed

Table 1
ChemBridge database ID, Docking Scores (S), binding energies Kcal/mol, binding affinities Kcal/mol and drug like properties of the retrieved hit compounds.

S. No Chembridge ID Docking score (S) Binding energy (Kcal/mol) Binding affinity (Kcal/mol) Drug like properties

1 57484801 −15.8941 −35.089 −11.2946 MW.387.528, Log P. 2.067, Don.1, Acc.5, Log S. −2.8916
2 23224339 −15.0034 −26.463 −10.4331 MW.486.637, Log P. 4.090, Don.3, Acc.5, Log S. −4.8273
3 27519658 −14.2341 −20.774 −10.3952 MW.474.564, Log P. 4.120, Don.1, Acc.5, Log S. −2.9294
4 65892932 −13.8971 −19.621 −9.7974 MW.352.398, Log P. 1.795, Don.1, Acc.5, Log S. −1.6999
5 13601161 −12.0934 −18.672 −8.0640 MW.390.357, Log P. 3.923, Don.2, Acc.4, Log S. −4.6476
6 54006709 −11.2365 −18.775 −8.0026 MW.391.492, Log P. 2.467, Don.2, Acc.4, Log S. −2.8650

Fig. 2. The two-dimensional structures of the 6 retrieved hit compounds, which may have the potential to be a novel inhibitor.
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Table 2
List of tested of oxadiazol derivatives with structures and molecular weight.

S. # CODE STRUCTURE MW.;
g/mol

BF-II-40

5-(pyridin-4-yl)-1,3,4-oxadiazole-2-thiol

179

BF-II-46

1-(4-bromophenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

376

BF-II-47

1-(4-chlorophenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

331

BF-II-48

1-(3,4-dichlorophenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

365

BF-II-49

1-(3-nitrophenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

342

BF-II-51

1-(biphenyl-4-yl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

373

BF-II-52

1-(3-bromophenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

375

BF-II-53

1-phenyl-2-(5-(pyridin-4-yl)-1,3,4-oxadiazol-2-
ylthio)ethanone

297

BF-II-54

1-(3-chlorophenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

331

BF-II-55

1-(2,5-dimethoxyphenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

357

Table 2 (continued)

S. # CODE STRUCTURE MW.;
g/mol

BF-II-56

1-(2-hydroxyphenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

313

BF-II-57

1-(3-hydroxyphenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

313.

BF-II-61

1-(4-methoxyphenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

327.

BF-II-62.

2-(5-(pyridin-4-yl)-1,3,4-oxadiazol-2-ylthio)-1-p-
tolylethanone

311.

BF-II-63

1-(3-fluorophenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

315.

BF-II-64

1-(4-nitrophenyl)-2-(5-(pyridin-4-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

342.

BF-II-73

2-(benzylthio)-5-(pyridin-4-yl)-1,3,4-oxadiazole

269.

BF-II-74

2-(4-chlorobenzylthio)-5-(pyridin-4-yl)-1,3,4-
oxadiazole

303.

BF-II-75

2-(3-methoxybenzylthio)-5-(pyridin-4-yl)-1,3,4-
oxadiazole

299.

BF-II-76

2-(3,4-dichlorobenzylthio)-5-(pyridin-4-yl)-1,3,4-
oxadiazole

337.

21. BF-II-77

2-(4-methylbenzylthio)-5-(pyridin-4-yl)-1,3,4-
oxadiazole

283.

(continued on next page)
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Table 2 (continued)

S. # CODE STRUCTURE MW.;
g/mol

22. BF-II-78

2-(2,4-dichlorobenzylthio)-5-(pyridin-4-yl)-1,3,4-
oxadiazole

337.

23. BF-II-79

2-(2,6-difluorobenzylthio)-5-(pyridin-4-yl)-1,3,4-
oxadiazole

305.

24. BF-II-82

2-(3-chlorobenzylthio)-5-(pyridin-4-yl)-1,3,4-
oxadiazole

303.

25. BF-II-83

2-(2-bromobenzylthio)-5-(pyridin-4-yl)-1,3,4-
oxadiazole

347.

26. BF-II-84

2-(3-methylbenzylthio)-5-(pyridin-4-yl)-1,3,4-
oxadiazole

283.

27. BF-II-85

2-(2-chloro-4-fluorobenzylthio)-5-(pyridin-4-yl)-
1,3,4-oxadiazole

321.

28. BF-II-86

2-(4-nitrobenzylthio)-5-(pyridin-4-yl)-1,3,4-
oxadiazole

314.

29. BF-II-87

5-(4-chlorophenyl)-1,3,4-oxadiazole-2-thiol

212.

30. BF-II-88

2-(4-chlorophenyl)-5-(4-methylbenzylthio)-1,3,4-
oxadiazole

316.

31. BF-II-89

2-(benzylthio)-5-(4-chlorophenyl)-1,3,4-oxadiazole

302.

32. BF-II-90

2-(5-(4-chlorophenyl)-1,3,4-oxadiazol-2-ylthio)-1-
phenylethanone

330.

33. BF-II-91

1-(4-bromophenyl)-2-(5-(4-chlorophenyl)-1,3,4-
oxadiazol-2-ylthio)ethanone

408.

Table 2 (continued)

S. # CODE STRUCTURE MW.;
g/mol

34. BF-II-92

2-(5-(4-chlorophenyl)-1,3,4-oxadiazol-2-ylthio)-1-
(3,4-dichlorophenyl)ethanone

398.

35. BF-II-93

1-(3-bromophenyl)-2-(5-(4-chlorophenyl)-1,3,4-
oxadiazol-2-ylthio)ethanone

408.

36. BF-II-94

2-(5-(4-chlorophenyl)-1,3,4-oxadiazol-2-ylthio)-1-(3-
nitrophenyl)ethanone

375.

37. BF-II-95

2-(5-(4-chlorophenyl)-1,3,4-oxadiazol-2-ylthio)-1-(2-
hydroxyphenyl)ethanone

346.

38. BF-II-96

2-(5-(4-chlorophenyl)-1,3,4-oxadiazol-2-ylthio)-1-p-
tolylethanone

344.

39. BF-II-97

2-(5-(4-chlorophenyl)-1,3,4-oxadiazol-2-ylthio)-1-(4-
nitrophenyl)ethanone

375.

40. BF-II-98

2-(5-(4-chlorophenyl)-1,3,4-oxadiazol-2-ylthio)-1-
(2,4-dichlorophenyl)ethanone

398.

41. BF-II-99

2-(4-chlorophenyl)-5-(2,6-difluorobenzylthio)-1,3,4-
oxadiazole

338.

42. BF-II-100

2-(3-chlorobenzylthio)-5-(4-chlorophenyl)-1,3,4-
oxadiazole

336.

43. BF-III-6

2-(4-chlorobenzylthio)-5-(4-chlorophenyl)-1,3,4-
oxadiazole

336.

44. BF-III-7

2-(4-chlorophenyl)-5-(4-nitrobenzylthio)-1,3,4-
oxadiazole

347.

(continued on next page)
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Table 2 (continued)

S. # CODE STRUCTURE MW.;
g/mol

45. BF-III-8

2-(2-chloro-4-fluorobenzylthio)-5-(4-chlorophenyl)-
1,3,4-oxadiazole

354.

46. BF-III-9

2-(4-chlorophenyl)-5-(2,6-dichlorobenzylthio)-1,3,4-
oxadiazole

370.

47. BF-III-10

2-(4-chlorophenyl)-5-(2,4-dichlorobenzylthio)-1,3,4-
oxadiazole

370.

48. BF-III-11

2-(4-chlorophenyl)-5-(3,4-dichlorobenzylthio)-1,3,4-
oxadiazole

370.

49. BF-III-12

2-(2-chlorobenzylthio)-5-(4-chlorophenyl)-1,3,4-
oxadiazole

336.

50. BF-III-13

2-(2-bromobenzylthio)-5-(4-chlorophenyl)-1,3,4-
oxadiazole

380.

51. BF-III-14

2-(4-chlorophenyl)-5-(3-methoxybenzylthio)-1,3,4-
oxadiazole

332.

52. BF-III-15

2-(4-chlorophenyl)-5-(3-methylbenzylthio)-1,3,4-
oxadiazole

316.

53. BF-III-17

5-(pyridin-3-yl)-1,3,4-oxadiazole-2-thiol

179.

54. BF-III-18

1-phenyl-2-(5-(pyridin-3-yl)-1,3,4-oxadiazol-2-
ylthio)ethanone

297.

Table 2 (continued)

S. # CODE STRUCTURE MW.;
g/mol

55. BF-III-19

1-(3-bromophenyl)-2-(5-(pyridin-3-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

375.

56. BF-III-20

1-(4-methoxyphenyl)-2-(5-(pyridin-3-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

327.

57. BF-III-21

2-(5-(pyridin-3-yl)-1,3,4-oxadiazol-2-ylthio)-1-p-
tolylethanone

311.

58. BF-III-22

1-(3,4-dichlorophenyl)-2-(5-(pyridin-3-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

365.

59. BF-III-23

1-(2,4-dichlorophenyl)-2-(5-(pyridin-3-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

365.

60. BF-III-24

1-(3-nitrophenyl)-2-(5-(pyridin-3-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

342.

61. BF-III-25

1-(2-hydroxyphenyl)-2-(5-(pyridin-3-yl)-1,3,4-
oxadiazol-2-ylthio)ethanone

313.

62. BF-III-27

2-(4-chlorobenzylthio)-5-(pyridin-3-yl)-1,3,4-
oxadiazole

303.

63. BF-III-28

2-(2,4-dichlorobenzylthio)-5-(pyridin-3-yl)-1,3,4-
oxadiazole

337.

64. BF-III-29

2-(3,4-dichlorobenzylthio)-5-(pyridin-3-yl)-1,3,4-
oxadiazole

337.

65. BF-III-30

2-(2,6-dichlorobenzylthio)-5-(pyridin-3-yl)-1,3,4-
oxadiazole

337.

(continued on next page)
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polar, arene cation as well as arene-arene interactions with the nitrogen
atom of the 4H-pyrazole and benzene moieties of the inhibitor. Lys 155
and Phe 311 formed arene cation as well as arene-arene linkages with
pyridine ring of the compound. Phe 157 and Phe 158 formed hydro-
phobic interactions with this compound.

Compound 4 formed four polar, 1 arene-cation, one arene-arene and
one hydrophobic interaction with the active residues of the active site
of the target protein as shown in Fig. 6. Arg 312 made H-bonds with the
4H-1, 2, 3-triazole moiety. Gly 159 and Asn 412 formed polar contacts
with the –OH group of the compound. His 279 formed arene cation as
well as arene-arene interactions with benzene moiety of the same li-
gand. Phe 157 formed hydrophobic contact with the ligand.

Compound 5 made three polar, one arene-cation and two arene-
arene interactions with the Lys 155, Gly 159, Phe 311, Arg 312 and Asn
412 residues of the enzyme as shown in Fig. 7. Compound 6 also
showed good interactions with the residues of the target enzyme, as
shown in Fig. 8. This compound formed three H-bonds with the His
245, Ala 278 and His 279 residues of the protein. His 279 made arene-
arene and arene cation linkage with the isoxazole moiety, while Glu
276 and Val 277 made hydrophobic linkage with the enzyme.

5. Conclusion

The molecular docking study of 1,3 4 oxadiazol compounds 1–83
were performed. The developed pharmacophore model has five im-
portant features containing two hydrogen bond acceptors (Acc), one

Table 2 (continued)

S. # CODE STRUCTURE MW.;
g/mol

66. BF-III-31

2-(4-methylbenzylthio)-5-(pyridin-3-yl)-1,3,4-
oxadiazole

283.

67. BF-III-32

2-(3-methylbenzylthio)-5-(pyridin-3-yl)-1,3,4-
oxadiazole

283.

68. BF-III-34

2-(2-chloro-4-fluorobenzylthio)-5-(pyridin-3-yl)-
1,3,4-oxadiazole

321.

69. BF-III-35

2-(2-bromobenzylthio)-5-(pyridin-3-yl)-1,3,4-
oxadiazole

348.

70. BF-III-36

2-(4-nitrobenzylthio)-5-(pyridin-3-yl)-1,3,4-
oxadiazole

314.

71. BF-III-37

2-(3-chlorobenzylthio)-5-(pyridin-3-yl)-1,3,4-
oxadiazole

303.

72. BF-III-38

2-(2-chlorobenzylthio)-5-(pyridin-3-yl)-1,3,4-
oxadiazole

304.

73. BF-III-39

5-p-tolyl-1,3,4-oxadiazole-2-thiol

192.

74. BF-III-40

1-phenyl-2-(5-p-tolyl-1,3,4-oxadiazol-2-ylthio)
ethanone

310.

75. BF-III-41

1-(4-bromophenyl)-2-(5-p-tolyl-1,3,4-oxadiazol-2-
ylthio)ethanone

388.

76. BF-III-42

1-(3-bromophenyl)-2-(5-p-tolyl-1,3,4-oxadiazol-2-
ylthio)ethanone

388.

Table 2 (continued)

S. # CODE STRUCTURE MW.;
g/mol

77. BF-III-43

1-(4-chlorophenyl)-2-(5-p-tolyl-1,3,4-oxadiazol-2-
ylthio)ethanone

344.

78. BF-III-44

1-p-tolyl-2-(5-p-tolyl-1,3,4-oxadiazol-2-ylthio)
ethanone

324.

79. BF-III-45

1-(4-methoxyphenyl)-2-(5-p-tolyl-1,3,4-oxadiazol-2-
ylthio)ethanone

340.

80. BF-III-46

1-(biphenyl-4-yl)-2-(5-p-tolyl-1,3,4-oxadiazol-2-
ylthio)ethanone

386.

81. BF-III-47

1-(3,4-dichlorophenyl)-2-(5-p-tolyl-1,3,4-oxadiazol-
2-ylthio)ethanone

378.

82. BF-III-48

1-(3-nitrophenyl)-2-(5-p-tolyl-1,3,4-oxadiazol-2-
ylthio)ethanone

355.

83. BF-III-49

1-(3-nitrophenyl)-2-(5-p-tolyl-1,3,4-oxadiazol-2-
ylthio)ethanone

355.
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Don&Acc and two Hyd|Aro. A test database of 10 known inhibitors was
used for the validation of the pharmacophore model, and subsequently,
in database screening, it was used as a 3D query. Due to virtual
screening, 37 hits (compounds) were retrieved and further following
Lipinski's rule of five, 33 compounds were chosen for further evaluation

by molecular docking studies. Then after docking, 10 chosen com-
pounds were studied on the basis of the binding affinity, binding en-
ergy, docking score and protein-ligand interactions. Finally, 6 com-
pounds of different interactions with the significant amino acid residues
were selected as the lead candidates. These 6 compounds can be used as

Fig. 3. 2D image showing the interaction of hit compound 1.

Fig. 4. 2D image showing the interaction of hit compound 2.
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Fig. 5. 2D image showing the interaction of hit compound 3.

Fig. 6. 2D image showing the interaction of hit compound 4.
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promising leads in the development of the novel inhibitors of drug
targets, α-glucosidase enzyme.
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